The angiographic features of the left ventricle were examined in patients with idiopathic hypertrophic subaortic stenosis who had clinical and hemodynamic evidence of obstruction. Of 36 combined hemodynamic and angiographic studies considered to be technically satisfactory, 33 showed a characteristic combination of abnormalities. In the frontal projection in systole, a linear radiolucent area extended across the left ventricular outflow tract 2 to 2.5 cm below the aortic annulus, at a level corresponding to the site of intraventricular pressure change. In the left oblique and lateral projections, the mitral leaflets did not swing posteriorly in a normal fashion, but projected into the outflow tract during mid and late systole. The radiolucent line, seen in the frontal views, was considered to represent contact of the leading edge of the leaflet with the hypertrophied muscular interventricular septum. The jet of mitral regurgitation, when present, was seen immediately below the anterior mitral leaflet.
SUMMARY
The angiographic features of the left ventricle were examined in patients with idiopathic hypertrophic subaortic stenosis who had clinical and hemodynamic evidence of obstruction. Of 36 combined hemodynamic and angiographic studies considered to be technically satisfactory, 33 showed a characteristic combination of abnormalities. In the frontal projection in systole, a linear radiolucent area extended across the left ventricular outflow tract 2 to 2.5 cm below the aortic annulus, at a level corresponding to the site of intraventricular pressure change. In the left oblique and lateral projections, the mitral leaflets did not swing posteriorly in a normal fashion, but projected into the outflow tract during mid and late systole. The radiolucent line, seen in the frontal views, was considered to represent contact of the leading edge of the leaflet with the hypertrophied muscular interventricular septum. The jet of mitral regurgitation, when present, was seen immediately below the anterior mitral leaflet.
Severe hypertrophy was also seen to involve the inferior portion of the muscular septum, causing displacement of the papillary muscles superiorly and to the left. This maldirection of the papillary muscles was postulated to cause abnormal traction on the chordae tendineae and to prevent normal movement of the mitral leaflets away from the septum during systole. The leaflets, held in the outflow tract, form the posterior component of the obstruction, the anterolateral component of which results from severe, asymmetric septal hypertrophy. It was proposed that this mechanism plays an important part in producing the intraventricular pressure fig. 2A and B) , since a pool of contrast material lies between the interventricular septum and the closed valve leaflets.
The papillary muscles usually can be identified in systole in both the frontal and lateral projections, as distinct impressions along the superior and the inferior margins of the body of the left ventricle ( fig. 2) . The anterior papillary muscle (APM) is represented by the superior indentation in both views. The posterior papillary muscle (PPM) lies inferiorly. Normally, in the AP view, the direction of the papillary muscles is relatively parallel to the long axis of the left ventricle, and therefore they are aligned toward the appropriate commissures of the mitral valve ( fig.  2) , the chordae tendineae from the anterior and posterior papillary muscles attaching to both mitral leaflets adjacent to the anterior and posterior commissures, respectively (see figure 7 ). Neither the chordae tendineae nor the edges of the mitral leaflets are seen on normal frontal angiocardiograms during systole. fig. 3C and D) ; (3) rarely, the radiolucent line is "W" rather than "V" shaped ( fig. 3A and B) , a configuration that is consistent with visualization of both anterior and posterior leaflets, or with the occurrence of the anatomic variant termed "commissural cusps."'9 The obstructing position of the mitral leaflets can be seen in mid as well as late systole, and figure 4A and B shows two consecutive exposures one-twelfth second apart, illustrating this point. Above this zone of obstruction, in the region of the membranous interventricular septum, the outflow tract appears to be of normal caliber.
As in other forms of ventricular hypertrophy, the papillary muscles are usually enlarged in IHSS. In addition, the axis of these structures is often deflected in IHSS by asymmetrically hypertrophied interventricular septum, represented by the inferior extent of the large muscle mass comprising the interventricular septum. Thus, the papillary muscles may not point toward the mitral annulus but instead often are displaced leftward from the central longitudinal axis in the AP projection by as much as 6 cm (average of 3.5 cm) ( fig. 8) It is also noteworthy that, of the 33 patients in whom obstruction was demonstrated angiographically, 20 (61%) had thrills accompanying the systolic murmur, 26 (79%) had an atrial gallop sound (S4), 7 (21%) had paradoxical splitting of the second heart sound, and 32 (97%) had ECG abnormalities (table 1).
All three patients (J.G., C.B., and h.F.) in whom no obstruction was identified angiographically exhibited pressure gradients at rest (range, 14 to 45 mm Hg), although in one (C.B.) the gradient was intermittent. In two of the three patients mitral regurgitation was visualized. An abnormal response following a premature contraction was present in all three patients, and the arterial pulse was bifid in two patients. Although all three had atrial gallop sounds, none had an apical systolic thrill, and none had paradoxical splittinig of the second heart sound. In all three patients the ECG was abnormal (table 1) .
Discussion
These studies in a selected group of paCirculation Vol/ume XXXVI, Dcccmber 1967 tients with IHSS who had both clinical and hemodynamic evidence of obstruction indicate that angiographic signs of obstruction in the outflow tract are more common than has generally been appreciated. It must be recognized, however, that in somne patients considered to have this disease oni a familial basis intraventricular pressure gradients cannot be demonstrated, nor do such patients exhibit clinical features suggesting obstruction"; moreover, as initially described by Criley and associates,7 other patients exist who may or may not have IHSS, in whom an elevated pressure can be recorded or induced only when the catheter tip is positioned within the ventricular apex.7' 12, 13 Again, however, the latter patients usually do not exhibit the clinical and hemodynamic features typically found in patients with IHSS and obstruction,1 1-13 nor do they exhibit obstruction angiographically. The present hemodynamic and angiographic analysis has tended to include few patients with these forms of IHSS, since combined hemodynamic and an- Photograph of the niormal left ventricle, with the anterior wall removed, in the same position as frontal angiocardiograms. The leading edge of the anterior mitral valve leaflet is essentially V shaped, similar to the appearance of the structure that contacts the septum and forms the posterior component of the obstruction in IHSS.
Circulation, Volumie XXXVI, Decem 'ber 1967 only in patients with severe clinical mianifestations of this disease, who were considered to have obstruction. Therefore, general conclusions concerning the incidence of these angiographic findings of obstruction within the spectrum of IHSS should be made with caution and it must be recalled that other mechanisms, such as diminished ventricular diastolic compliance and mitral regurgitation, are of variable importance relative to obstruction in patients with this disease. In addition, while the incidence of obstruction was high in patients with specific clinical and hemodynamic features, in three patients (8%) who also exhibited these features, the angiogram failed to reveal a site of obstruction.
The bulge of the interventricular septum into the LV outflow tract in patients with IHSS has previously been well demonstrated shown in figure 6 . These films weure exp)osed earlier in sylstole, before complete Many of the pathological features of IHSS can be explained on the basis of malposition of the mitral leaflets. Elongation of the mitral leaflet and the chordae tendineae possibly could be caused by abnormal traction on these structures.'0 In addition, the mitral leaflets are often thickened,3 4 22 and the endocardium is also thickened over the anterior septal bulge.4 6 23,24 The latter site lies immediately opposite the anterior leaflet and corresponds to the point at which the mitral leaflet would contact the interventricular septum.
A tentative concept of the pathogenesis of the obstruction observed in the patients with IHSS in the present study may be developed as follows. Asymmetric hypertrophy of the interventricular septum, which encircles the anterolateral aspect of the left ventricle, could be the primary alteration. Narrowing of the anterior portion of the outflow tract is caused by direct impingement of this hypertrophied muscle. The inferior portion of the hypertrophied septum projects into the diaphragmatic aspect of the ventricular cavity, resulting in a change in the axis of the papillary muscles. This protrusion of the inferior in relation to the mitral ring. The large bulk of septal musculature beneath has elevated and deflected the posterior papillary muscle (PPM), with resultant maldirection of the anterior papillary muscle (APM). Traction on the mitral leaflets (AML and PML) may be produced by this mechanism, holding them forward in systole. The 
